The effectiveness of powerful chelating agents in the treatment of rheumatoid arthritis (Jaffe, 1970; Multicentre Trial Group, 1973; Day, Golding, Lee, and Butterworth, 1974; Huskisson, Wojtulewski, Berry, Scott, Hart, and Balme, 1974) points to the possible role oftrace metals in this condition. That the disease is associated with raised serum copper and serum caeruloplasmin has been known for some years (Heilmeyer and Stiiwe, 1938; Muller, Kluthe, and Muller, 1963; Niedermeier, 1965; Plantin and Strandberg, 1965; Lorber, Cutler, and Chang, 1968; Koskelo, Kekki, Virkkunen, Lassus, and Somer, 1966) ; but the mechanism, specificity, and aetiological significance of the abnormality have hardly yet been explored. One obstacle has been the difficulty of correlating serum (and synovial fluid) copper with urinary copper excretion. To the uncertainties often associated with total 24-hour urine collections, one must add, in the case of ubiquitous trace metals, the risk of contamination. Even when, with the dedicated co-operation of patient and nursing staff, such a specimen has been collected and analysed, the result may be difficult to interpret for lack ofreliable normal data. To overcome this difficulty (and as part of a wider study of copper metabolism in rheumatoid arthritis) we have adopted an alternative methodological approach based on measuring urinary copper concentrations in conjunction with osmolality in 24-hour series ofaliquots. The procedure is described.
Materials
(1) One-hundred and forty-six patients with rheumatoid arthritis (48 men, 98 women) have been studied. Sixty-five of the patients had received intra-articular steroid and four others systemic steroid or ACTH therapy. Eight had had treatment with gold in the past. All were on conventional analgesic/anti-inflammatory therapy. Patients on penicillamine were studied separately and are not included in the above series. (2) Forty-five normal control subjects have been investigated (27 men, 18 women) between the ages of nineteen and 71 years. This group excludes women on the contraceptive pill or on hormone therapy. (3) Eleven nonpregnant women have been studied as a separate group: nine were on an oestrogen-containing contraceptive pill and two were receiving oestrogen therapy for postmenopausal symptoms.
Methods

URINARY COPPER EXCRETION
Urine collection
Instead of large 24-hour urine containers the patients (and control subjects) were provided with a dozen small (15 ml) aliquot bottles. They were asked to collect a small sample ofevery specimen of urine passed in the course of 24 
Results
Our findings in serum and synovial fluid will be discussed in detail in a subsequent paper; but for the interpretation of different copper excretion patterns in different groups it is necessary to take into account the corresponding serum copper and serum caeruloplasmin levels, which are summarized in Table I . Fig. 1 shows the osmolality-related copper excretion pattern in normal subjects, excluding women on contraceptive pills or oestrogen therapy. Figs 2 and 3 show the pattern in rheumatoid men and women, respectively. Fig. 4 shows the pattern in normal women on the contraceptive pill or on oestrogen therapy. It will be noted that, despite the high serum copper in the last group (as high as or higher than the serum copper levels in rheumatoid patients), the urinary excretion pattern was only marginally abnormal. The differences between the groups are ,expressed quantitatively in Tables II and III. Table  II shows that only about half of the total number of aliquots in rheumatoid patients gave copper/ osmolality correspondence points within the normal area. Table III gives the distribution of 24-hour series of aliquots (curves) grouped according to the number of aliquots (points) falling outside the normal area.
Comparisons between the results of 24-hour series of aliquots and of total pooled 24-hour collections from the same individuals are shown in Figs 5 and 6. In the normal controls the single copper/osmolality correspondence points representing the total pooled 24-hour collections all fell within the normal area as defined for 24-hour series (Fig. 5) . group.bmj.com on April 19, 2017 -Published by http://ard.bmj.com/ Downloaded from points representing the total pooled 24-hour collections fell within the normal area but more than one of the points in the 24-hour series of aliquots fell outside (Fig. 6) . It must be assumed that a few abnormal specimens passed in the course of 24 hours can become diluted by the remaining normal specimens. Since, moreover, this occurred only in rheumatoid patients, it seems reasonable to conclude that the 24-hour series of aliquots is a more sensitive index of the abnormal excretion pattern than the total pooled 24-hour collection.
The sensitivity of the 24-hour series of aliquots is further illustrated by the effect of penicillamine, a powerful copper-chelating agent. Not unexpectedly, therapeutic doses ofthe drug led to a grossly abnormal copper/osmolality excretion pattern (Fig. 7) . However, even 'trace' concentrations of the drug, as represented by the placebo tablets of a recent doubleblind trial (12 mg daily for 7 days), had a demonstrable effect in a normal subject (Fig. 8) .
Discussion
Raised serum copper levels in rheumatoid arthritis compared both to normal men and to normal women not on oral contraceptives are in agreement with the findings of other groups of workers (Plantin and Strandberg, 1965; Halsted, Hackley, and Smith, 1968 (Bulger, Healey, and Polinsky, 1968; S0ren-sen, 1960; Burry, 1972) , the possibility must be considered that the 'excess' copper in urine depends on abnormal caeruloplasmin excretion. This explanation too is contradicted by our preliminary studies which suggest that little if any urinary copper in these patients is caeruloplasmin-bound. Third, the increased copper excretion in rheumatoid patients could reflect the presence both in serum and in urine of a copper-binding peptide. This might compete with caeruloplasmin for copper in serum and might be of sufficiently small molecular size to pass into the glomerular filtrate. There is some indirect experimental evidence to support this possibility (Gerber, 1966; Kryzmien, 1974) and it is at present being explored.
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